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Abstract Glioma is the most frequently occurring brain
tumor, but the prognosis of patients with gliomas remains
poor despite advances in surgery, radiotherapy, and chemo-
therapy. Therefore, great efforts have been made to develop
improved therapeutic strategies. Cytokines are a heteroge-
neous group of soluble small polypeptides or glycoproteins
that exert pleiotropic and redundant effects that promote the
growth, differentiation, and activation of normal cells.
Cytokines have either pro- or anti-inflammatory activity
and immunosuppressive activity, depending on the micro-
environment surrounding the tumor. The microenvironment
consists of heterogeneous tumor cells, immune cells, and
extracellular matrix. Modulation of the microenvironment
by the tumor is essential for its growth and progress.
Cytokine production acts as a means of communication in
the tumor microenvironment. In this article, we review the
cross-talk between cytokines in the tumor microenviron-
ment and the cytokine therapies that have been used till
date for glioma treatment.
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Introduction

Glioma is the most common and lethal primary brain tumor
[67]. Current treatment regimens—including surgery fol-
lowed by radiotherapy and chemotherapy—have improved

the outcomes of patients with high-grade glioma (HGG) to
some extent [109]. However, these improvements have had
insufficient impact, and long-term control of the disease is
rarely achieved. To manage this difficult-to-treat neoplasm,
great efforts have been made to investigate the biological
features of gliomas, including their cytokine networks. In
this article, we review the cross-talk between cytokines in
the tumor environment and the cytokine therapies that have
been used till date for glioma treatment.

Immunology of the central nervous system

Since a long time, the brain has been referred to as an
immune-privileged site and cannot augment the immune
response because of lack of lymphatic structures, separation
from systemic circulation by the blood–brain barrier, low
expression of major histocompatibility complex molecules
on most normal parenchymal cells, and a relatively high
concentration of anti-inflammatory cytokines [17, 71].
These features can be considered as a protective mechanism
from the overactive immune response that induces harmful
brain edema [2, 12, 29, 61]. However, recent advances in
the understanding of cytokine action has renewed the
concept of immunology of the immune-privileged central
nervous system (CNS) and interest in various immunother-
apeutic approaches to neurological diseases [4, 29, 70, 95].

Glioma immunology

Even in the CNS, the immune system is of critical importance
in tumor development and protects the host to a certain extent
from tumor progression. Therefore, immunosuppression by
gliomas is thought to contribute to tumor development,
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progression, and resistance to treatment. Glioma cells down-
regulate costimulatory molecules and modulate the tumor
microenvironment in order to evade immune elimination [38,
41, 45, 46, 50, 99, 123]. A recent study revealed that the
antiglioma response is not simply overwhelmed at advance
stage of tumor growth but is counterbalanced by an
inhibitory microenvironment from the outset [112]. Tumor-
induced immunosuppression is likely to involve cross-talk
among tumor cells, tumor-associated macrophages (TAMs),
microglia, regulatory T cells (Tregs), and peripheral as well
as tumor-infiltrating lymphocytes (TILs) [52, 53, 120]. The
tumor microenvironment consists of a variable combination
of tumor cells, immune cells, inflammatory cells, endothelial
cells, and extracellular matrix. A variety of cytokines and
other substances such as chemokines and growth factors are
produced by different cells in the local tumor environment,
resulting in complex cell–cell interaction and regulation of
the differentiation, activation, functioning, and survival of
multiple cell types. The interaction between cytokines and
their receptors results in the formation of a comprehensive
network at the tumor site that is primarily responsible for the
overall progression of tumors, the spread of antitumor
immune responses, and the induction of tumor rejection
(Fig. 1).

Cytokines and cytokine therapies

Cytokines are a heterogeneous group of soluble small
polypeptides or glycoproteins that exert pleiotropic and

redundant effects that promote the growth, differentia-
tion, and activation of normal cells [6]. Immune cells are
the major source of cytokines, but many human cells are
also capable of producing them, and importantly, cyto-
kine production acts as a means of communication
between both cells and tissue. Cytokines may be
classified into the following categories: interleukin (IL)
(1–15), growth factors, colony-stimulating factors, inter-
ferons (IFN) (α, β, and γ), tumor necrosis factor (TNF),
and chemokines. These cytokines can have either pro- or
anti-inflammatory activity and immunosuppressive activ-
ity, depending on the microenvironments. With respect to
the glioma immunology and antiglioma therapy, the
following cytokines should be understood.

Interleukin-4

Interleukin-4 (IL-4) is a glycoprotein with an approx-
imate molecular mass of 15 kDa. It is secreted by
several types of hematopoietic cells, including T cells,
natural killer (NK) cells, basophils, eosinophils, and
mast cells [76, 77, 96, 117, 130]. B cells, T cells, myeloid
cells, monocytes, macrophages, mast cells, fibroblasts,
endothelial cells, and some cancer cells express a high-
affinity receptor that mediates the biological activity of
IL-4 [7, 10, 91]. There are two types of IL-4 receptors
(IL-4Rs): one consists of IL-4Rα and IL-2Rγ chains and
is expressed on hematopoietic cells, whereas the other
consists of IL-4Rα and IL-13Rα1 chains and is expressed
on most leukocytes except T cells and on cells in the

Fig. 1 Regulatory role of
tumor-derived cytokines, che-
mokines, and growth factors in
the tumor microenvironment.
TILs tumor-infiltrating lympho-
cytes, DCs dendritic cells, TAMs
tumor-associated macrophages,
Tregs regulatory T cells
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airway [27, 28]. IL-4 promotes the growth and differen-
tiation of B cells, T cells, and mast cells and mediates
regulatory effects to a great extent in macrophages. IL-4
stimulates the growth of both normal helper T cells and
cytotoxic T cells (CTLs) including TILs and acts
synergistically with IL-2 to enhance the proliferation of
precursor CTLs (pCTLs) and induce their differentiation
into active CTLs. Although IL-4 is generally regarded as
an inducer of type 2 T cell responses, it is clearly shown
that IL-4 has pleiotropic effects on immune cells of
multiple lineages and that it plays an important role as an
inducer of type 1 T cell immunity. In particular, IL-4
supports dendritic cell (DC) maturation and enhances IL-
12p70 secretion from DCs [89].

A strategy for using IL-4 in glioma treatment is
vaccinations with autologous glioma cells and IL-4 gene-
transfected fibroblasts [90]. Adult participants with recur-
rent glioblastoma multiforme (GBM) or anaplastic astro-
cytoma underwent gross total resection of the recurrent
tumors, followed by two vaccinations with autologous
fibroblasts retrovirally transduced with the IL-4 and
thymidine kinase genes and mixed with irradiated autol-
ogous glioma cells. The patients who were vaccinated
twice exhibited significant immunological and clinical
responses.

Another promising strategy is the so-called immunotoxin
therapy, which takes advantage of the fact that the IL-4R is
abundantly present in malignant gliomas [121]. A chimeric
recombinant fusion protein composed of circularly permuted
IL-4 and a truncated form of Pseudomonas exotoxin (PE) has
been evaluated as a potential therapeutic agent. In a phase I
trial of IL-4-PE (NBI-3001) in patients with recurrent
malignant gliomas, 31 patients were treated with intra-
tumoral administration of IL-4R-PE via convection-
enhanced delivery. Treatment-related adverse effects were
limited, and no deaths were attributable to the treatment.
Drug-related grade 3 and 4 toxicity was seen in 39% of the
patients in all the dose groups and in 22% of the patients
given the maximum tolerated dose. The median overall
survival was 5.8 months in patients with recurrent GBM and
8.2 months in all patients.

These two strategies are thought to be safe and have
acceptable toxicity profiles. However, further studies are
needed to establish proof of IL-4 efficacy.

IL-10

IL-10 is a homodimeric polypeptide of 17 kDa, which was
originally identified by Mosmann and colleagues [26, 74].
This cytokine is an anti-inflammatory cytokine and pro-
duced by many cells of both the innate and adoptive
immune systems [25, 36, 75, 87, 88]. Some non-immune
cells such as epithelial cells and tumor cells also produce

IL-10 [75, 122]. The main biological function of IL-10 is
exerted on DCs and macrophages, in which it is a potent
inhibitor of antigen presentation and also inhibits the
production of pro-inflammatory cytokines and mediators.
IL-10 receptor belongs to the class II cytokine receptor
family, thus IL-10 can inhibit the production of several
cytokines such as IL-1β, IL-6, and TNF-α in various cells
[75].

This immunosuppressive cytokine IL-10 is thought to
play a crucial role in immunosuppression mediated by
gliomas. Actually, increased IL-10 production has been
reported in human gliomas [47]. Moreover, it is reported
that glioma-generated factors induced the secretion of IL-10
by macrophages and microglia [126, 131].

It is suggested that all IL-10 bioactivity results in not
only immune dysregulation but also enhancement of the
function of B cells, NK cells, and CD8+ T cells in infection
models [11, 31, 100, 101]. Moreover, Benjamin et al.
reported that IL-10-producing CD4+ T cells mediated tumor
rejection [106].

Several approaches are being investigated in pre-clinical
studies to inhibit IL-10 activity, including antibodies to IL-
10 or its receptor, antisense oligonucleotides, and small
interference RNA. Further investigations are needed to
better understand the role of IL-10 and to overcome the
glioma-mediated immunosuppression.

IL-13

IL-13 is a cytokine derived from type 2 T helper cells and
can bind to two receptor chains—IL-13Rα1 and IL-13Rα2.
IL-13 has low affinity for the IL-13Rα1 chain and high
affinity for the IL-4Rα chain. It forms a receptor complex
with the IL-4Rα chain, which is involved in IL-13-induced
signal transduction through either Janus kinase/signal
transducer and activator of transcription (JAK-STAT) or
phosphatidylinositol 3-kinase [127]. The IL-13Rα2 chain
binds to IL-13 with high affinity and internalizes it after
ligand binding, without the involvement of other chains.

IL-13R is found to be overexpressed in a majority of
glioma cell lines and resected GBM specimens [18]. A
chimeric fusion protein composed of human IL-13 and
mutated PE has been developed and shown to affect the
specific cytotoxicity of glioma cell lines [18, 78].

IL-13-PE is reported to be more active against glioma
cell lines than are IL-4-targeted toxins in vitro [78]. In a
phase I trial, 51 patients with GBM were administered IL-
13-PE (cintredekin besudotox, also known as IL-13-
PE38QQR) via convection-enhanced delivery [62]. A phase
III study was conducted to compare the efficacy of IL-13-
PE to that of Gliadel wafers in patients with malignant
gliomas [78]. PFS was longer (17.7 versus 11.4 weeks) in
patients treated with IL-13-PE than in patients treated with
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Gliadel wafers, but no significant difference was observed
in the median survival time between the two groups.

A more advanced strategy has been developed that
involves conjugation of PE with a smaller single-chain
variable fragment for producing anti-IL13R humanized
antibodies [54]. Overall, IL-13-based toxins can potentially
be used in adjuvant therapy for malignant gliomas, but their
use requires further clinical studies.

Transforming growth factor-beta

Transforming growth factor-beta (TGF-β) is a multifunc-
tional regulatory polypeptide belonging to a ligand super-
family that includes the TGF-βs, activins, and bone
morphogenetic proteins (BMPs). TGF-β controls many
aspects of cellular function, including proliferation, differ-
entiation, migration, apoptosis, adhesion, angiogenesis,
immune surveillance, and survival [1, 64, 68, 72, 94, 98].
Three mammalian TGF-β isoforms—TGF-β1, TGF-β2,
and TGF-β3—have been identified. In normal adult tissues,
TGF-β1 is by far the predominant isoform, and TGF-β2
and TGF-β3 expression is much lower than that of TGF-
β1. The secreted TGF-β binds to TGF-β receptors (T-βRs)
and initiates a signaling cascade via mediators of cytoplas-
mic signaling, which are called Smads, into the nucleus
where the Smad complex regulates expression of various
genes such as immunosuppressive-, angiogenesis-, and
proliferation-related genes [20]. TGF-β activity is depen-
dent on several factors, including cell type, growth
conditions, and the presence of other polypeptide growth
factors. Because of the dual role of TGF-β as a tumor
suppressor and pro-oncogenic factor, the members of the
TGF-β signaling pathway are considered to be predictive
biomarkers of tumor progression as well as molecular
targets for the prevention and treatment of cancer and
metastasis [51].

In 1987, Wran and colleagues first identified TGF-β as
T cell suppressor factor from human GBM [125]. The TGF-
β2 isoform is specifically overexpressed in malignant
gliomas. Increased TGF-β2 levels are associated with
advanced disease stage and cause immunodeficiencies in
patients with gliomas [55]. TGF-β2 not only inhibits
lymphocyte proliferation but also has multiple effects on
the immune system. These effects include the inhibition of
immune cell activation, the blockade of antitumor activity, a
shift of cytokine balance towards immunosuppression, and
the inhibition of antigen presentation. Thus, targeted
inhibition of TGF-β2 should have an antitumor effect and
allow immune-mediated response. Several approaches to
block TGF-β function are currently under study; for
example, the use of monoclonal antibodies to TGF-β,
recombinant fusion proteins containing the ectodomains of
TGF-β receptor (TβR)II and TβRIII to prevent binding of

TGF-β ligands, ATP competitive inhibitors at the ATP-
binding site of TβRI kinase, and antisense oligonucleotides
specific for TGF-β2 [35, 40, 86, 105, 113, 114].

Trabedersen (AP-12009) is a synthetic antisense
oligodeoxynucleotide designed to block TGF-β2 produc-
tion [104]. In a randomized controlled phase IIb trial
involving patients with brain tumors, the survival rates of
patients for whom trabedersen was intratumorally admin-
istered were higher than those of patients receiving
standard chemotherapy [115]. A randomized, controlled,
dose-finding phase IIb study evaluated the efficacy and
safety in 145 patients with recurrent or refractory high-
grade glioma [5]. The patients were randomly assigned to
receive trabedersen at dose of 10 or 80 μM or standard
chemotherapy. Primary endpoint was 6-month tumor
control rate. This study failed to meet the primary
endpoint, but it could be due to the pseudoprogression
with immune therapies. Prescribed anaplastic astrocytoma
subgroup analysis showed significant benefit regarding the
14-month tumor control rate for 10 μM trabedersen. The
2-year survival rate had a trend for superior for 10 μM
trabedersen. An international clinical phase III trial is
currently recruiting patients with recurrent or refractory
anaplastic astrocytoma with endpoints of 14-month pro-
gression rate and 2-year survival rate.

IL-2

IL-2 is a growth factor of the immune system, which
includes helper T cells, CTLs, B cells, NK cells, and
macrophages. IL-2 also enhances the production of other
cytokines such as TNF, IL-1, and IFN-γ. Studies have
shown that IL-2 enhances the mitogenesis of lymphocytes
as well as the proliferation and clonal expansion of
lymphokine-activated killer cells (LAKs), which are mainly
NK cells induced into a hyperactive state and TILs. Initial
efforts were mostly focused on the use of cytokines to
increase the number of LAKs and TILs and then on the use
of these cells to treat tumors such as renal cell carcinomas
and melanomas [6, 12, 49, 116, 120]. In addition to its use
in adoptive immunotherapy, IL-2 was used as a pharmaco-
logical agent to be directly administered into the patient’s
body; however, because of the serious adverse reactions
such as hypotension, renal dysfunction, myocardial infarc-
tion, bowel perforation, seizures, and coma, clear clinical
benefits were seen only in a limited number of patients.

The first clinical trial for IL-2 therapy in glioma patients
was reported in 1986. Recombinant IL-2 or autologous
LAK cells were directly injected into the tumor cavity for
nine patients. In this phase I study, there were no signs of
systemic toxicity or neurotoxicity after treatment [49]. In
other trials, IL-2 was mainly administered into a cavity, and
this was followed by tumor resection [37, 60, 116]. In one
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trial, however, a combination of autologous tumor vacci-
nation and systemic IL-2 administration was used [42], but
even in this study, the systemic IL-2 dose was reduced from
8.8×106 to 3×106 U/day for the last seven patients because
of the considerable discomfort caused by IL-2 therapy.

The efficacy of combination therapy with a suicide gene
and the IL-2 gene for treating recurrent GBM was recently
investigated [16]. In this study, 12 patients received intra-
tumoral injections of retroviral vector-producing cells,
followed by intravenous ganciclovir. This treatment was
well tolerated: two patients showed a partial response; four,
a minor response; four, stable disease; and two, progressive
disease. The 6- and 12-month progression-free survival
(PFS) rates were 47% and 14%, respectively, and the 6- and
12-month overall survival rates were 58% and 25%,
respectively. Although these studies did not reach conclu-
sion regarding the efficacy of IL-2, it is thought that IL-2
has the potential to amplify the antiglioma immune
response.

Granulocyte-macrophage colony-stimulating factor

Granulocyte-macrophage colony-stimulating factor (GM-
CSF) is secreted by various types of cells such as
monocytes, endothelial cells, activated T cells, fibro-
blasts, mitogen-stimulated B cells, and lipopolysaccha-
ride (LPS)-stimulated macrophages. GM-CSF binds to a
high-affinity receptor composed of a GM-CSF-specific α
chain and the conventional signal-transduction subunit,
i.e., the β-subunit, which is also present in the receptors
for IL-3 and IL-5. The activation of the GM-CSF
receptor is known to stimulate three pathways: the
JAK-STAT, mitogen-activated protein kinase (MAPK),
and phosphatidylinositol 3-kinase (PI3K) pathways. The
GM-CSF receptor is expressed by CD34+ progenitor
cells, all myeloid lineages, and vascular endothelial cells.
GM-CSF can promote myeloid differentiation and, in fact,
it was first defined by its ability to generate both
granulocyte and macrophage colonies from bone marrow
precursor cells. However, GM-CSF also plays an impor-
tant role in the host response to external stimuli,
inflammation, and antitumor immune responses. These
pivotal roles mainly derive from the ability of GM-CSF to
affect the properties and functional status of immature and
mature myeloid cells such as granulocytes, DCs, macro-
phages, and eosinophils [92].

GM-CSF has been widely used as an adjuvant in
clinical trials involving vaccination with autologous
tumor cells, peptides, and/or DCs in different human
neoplasms; in these trials, GM-CSF was administered
subcutaneously or intradermally—either as a product of
gene-transduced tumor cells or as a recombinant pro-
tein—together with the vaccine. Autologous or allogeneic

human tumor cells transduced with the GM-CSF gene
have been tested as vaccines in many cancers, such as
renal cancer, melanoma, prostate cancer, lung cancer,
and pancreatic tumors. A pilot clinical trial of combined
B7-2 and GM-CSF immunogene therapy for GBMs and
melanomas has been reported [93]. In this trial, patients
with recurrent malignant gliomas were vaccinated with
irradiated autologous tumor cells transduced with the
genes encoding B7-2 and GM-CSF, using a retroviral
vector. Although vaccine preparation was attempted using
116 samples of malignant glioma tissue, it was successful
only in the case of five GBM samples. Minor toxicities
were observed, and all patients have now died. Most
patients showed evidence of an inflammatory response,
but specific antitumor immunity was not observed. The
GM-CSF protein is also widely used as an adjuvant at the
site of vaccination to avoid the cumbersome procedure of
gene transduction and to determine the appropriate dose
of the cytokine for administration to other tumors.
Nineteen patients with recurrent malignant glioma were
vaccinated twice with irradiated autologous whole tumor
cells, using GM-CSF as an adjuvant. The patients then
underwent leukapheresis, followed by adoptive transfer of
peripheral blood lymphocytes that were activated in vitro
by using anti-CD3 antibody and IL-2. Of the 19 patients,
17 developed a delayed-type hypersensitivity (DTH)
response to vaccination, which appeared to be directed against
the autologous tumor. In eight patients, there was radiological
evidence of a response, and in five, there was evidence of
clinical improvement. The median survival time was
12 months (range, 6–28 months), and the presence of both,
a DTH response and a radiological response, correlated with
survival [108]. While GM-CSF immunotherapy has been
promising in pre-clinical studies, further studies are required
to bring these benefits to more patients.

IFN-α

The IFNs were originally discovered as agents that
interfere with viral infection [48]. They are classified
into types I and II according to receptor specificity and
sequence homology. Type I IFNs are produced by many
cells in response to viral infection and are principally
concerned with targeting viral RNA translation into
protein. Type I IFNs directly inhibit proliferation of tumor
cells through various mechanisms including induction of
apoptotic cell death [13, 69, 81, 111]. Their biological
effects on DCs include maturation and promotion of
antigen-presenting ability [19, 43, 63, 73]. It has also
been reported that activation of DCs with IFN-α or -β
leads to upregulation of TNF-α-related apoptosis-inducing
ligand (TRAIL) expression, and to direct tumoricidal
activity mediated by DCs via TRAIL [65, 102].
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Although IFN-α has been used therapeutically for
patients with malignant gliomas, varying efficacy has been
reported [4, 8, 9, 21, 39, 79, 80, 97, 128].

There are two forms of recombinant IFN commercially
available : α2a and α2b, which are thought to be equally
effective. Recently, two phase II trials using temozolomide
(TMZ) with either pegylated or non-pegylated IFN-α2b in
patients with recurrent GBM were conducted [32]. Both
studies with either pegylated or non-pegylated IFN-α2b
showed improved efficacy when compared to historical
controls. Even though the TMZ±pegylated IFN-α2b study
met criteria for further study, IFN-α2b has the potential to
be used as a promising adjunct to TMZ for GBM patients.

IFN-β

IFN-β is type I IFN and has pleiotropic biological effects
and has been widely used either alone or in combination
with other antitumor agents for treating malignant gliomas
and melanomas [14]. IFN-β acts as a drug sensitizer during
the treatment of malignant gliomas and enhances toxicity

against various neoplasms when administered in combina-
tion with nitrosourea.

Combination therapy with IFN-β and nitrosourea has
been used for treating gliomas in Japan [118]. Previously,
we demonstrated that IFN-β markedly enhanced chemo-
sensitivity to TMZ in an in vitro study of human glioma
cells [84]; this finding suggests that one of the main
mechanisms by which IFN-β enhances chemosensitivity is
the downregulation of O6-methylguanine methyltransferase
(MGMT) transcription via p53 induction. This effect was
also observed in an experimental animal model [85]. The
results of these two studies suggest that use of chemother-
apy with IFN-β and TMZ together with radiation might
improve the clinical outcome in patients with malignant
gliomas to a greater extent than might the combined use of
TMZ and radiation therapy.

In 2000, a clinical trial was conducted at Nagoya
University, Japan, using cytokine gene therapy, wherein
the IFN-β gene was delivered via cationic liposomes. This
gene therapy system induced specific cytotoxic T cell
immunity against mouse glioma and NK cells [82, 83]. On

F i g . 2 Me c h a n i s m s o f
liposome-mediated IFN-β gene
therapy. Histological and cDNA
expression microarray analyses
revealed significant induction of
apoptosis (a), antitumor immu-
noresponse (b), and inhibition of
neovascularization (c)
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the basis of these results, a phase I clinical trial of IFN-β
gene therapy was conducted in five patients with recurrent
malignant gliomas [129]. This was a two-stage trial in
which the initial treatment comprised tumor resection and
injection of liposomes containing the human IFN-β gene
into the margin of the resulting defect and delivery of
subsequent injections via an implanted catheter. The
clinical toxicity was found to be minimal. At 10 weeks
after treatment initiation, two patients showed more than
50% reduction in tumor size while others had stable
disease. The median survival time was longer in the
treated subjects than in the matched historical controls
from our institution. After the gene therapy, significant
histological and gene expression changes related to
immunoresponse, apoptosis, and neovascularization were
observed [119] (Fig. 2). This study provided the founda-
tion for a phase II trial of IFN-β gene therapy. Very
recently, Chiocca et al. reported a phase I clinical trial
(with a dose-escalation cohort) that involved stereotactic
injection of an IFN-β-expressing adenoviral vector in 11
patients with malignant glioma. Direct injection of the
vector into the tumor and the surrounding normal areas in
the brain after surgical resection of the tumor was feasible.
A reproducible increase in tumor cell apoptosis was
observed after the treatment [15].

IFN-γ

IFN-γ is the sole type II IFN secreted by T cells and NK cells,
which produces a variety of physiologic and cellular responses
through transcriptional regulation [3]. IFN-γ affects the
recognition of tumor by the immune system through the
expression of major histocompatibility complex antigens on
the cell surface and induces activation and differentiation of T
cells, B cells, macrophages, NK cells, and antigen-presenting
cells [34, 103]. IFN-γ has direct antitumoral activity and has
been implicated as an anti-angiogenic factor [57–59, 107,
110]. IFN-γ has been shown to play a key role in inducing
expression of death ligands on the surface of immune cells,
including Fas ligand (FasL) and TRAIL. Although the human
glioma cells vary in their susceptibility, FasL and TRAIL can
induce apoptosis by binding to their death domain containing
receptors [56]. It is important to also note that IFN-γ induces
IL-6, which is related to treatment resistance in gliomas and is
known as a negative prognostic factor in renal cell carcinoma
[22, 44, 66].

The efficacy of intratumoral recombinant IFN-γ treat-
ment in newly diagnosed GBM patients was investigated
[24]. In this study, 32 patients were randomized to receive
open cytoreduction plus external irradiation of 60 Gy with
or without intratumoral IFN-γ. There were no differences in
the tumor progression and the survival times between the
IFN-γ treated and control groups.

Johannes et al. reported the maintenance treatment
with IFN-γ for pediatric high-grade glioma [124]. After
induction treatment with simultaneous radiation and
chemotherapy, 40 patients were treated with IFN-γ and
low-dose cyclophosphamide. There was mild toxicity in
this approach, but no inspiring efficacy was reported.

The place of IFN-γ on clinical treatment is still being
delineated at this time, but current pre-clinical studies suggest
that IFN-γ has the potential to be used as a promising adjunct
to other therapeutic products [23, 30, 33].

Future directions

The immunological response against tumors involves a
critical balance between immune-activating and immune-
suppressing mechanisms. Tumors contain immune cells and
a network of pro- and anti-inflammatory cytokines collab-
orate in the development and progression of cancer. We
believe that tumors may be more readily controlled via their
microenvironments. Cytokine-based drugs and anticyto-
kines are increasingly playing a crucial role in the treatment
of malignant gliomas. Current research is aimed at
developing new therapies, refining therapies that are
already in use, and establishing the safest and most
effective dosage levels. The latest development in the field
of cytokines is the use of cytokine gene therapy rather than
systemic administration of cytokines for the treatment of
malignant gliomas. However, further studies are required to
evaluate the effectiveness of these approaches.
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Comments

Karl Frei, Zurich, Switzerland
In this review, the authors discuss aspects of cytokine networks in

gliomas and attempt to provide some explanations for the poor
successes of clinical trials using cytokine-based drugs or cytokine
gene therapy.

The cross-talk between glioma cells and their immunological
microenvironment leading to tumor-induced immunosuppression is
addressed and the numerous factors involved discussed. Although the
immunosuppressive effect of glioblastoma has long been recognized,
the molecular basis for the cross-talk between tumor and immune cells
remains still largely unknown. What is the underlying mechanism that
allows a tumor to produce immunsuppressive factors that generate
tolerogenic dendritic cells and regulatory T cells in the glioma
microenvironment? Why are the innate immune cells (macrophages,
natural killer cells, and neutrophils) incapable of killing glioma cells?

The definition of specific molecules and signalling pathways (e.g.,
signal transducer and activator of transcription 3, STAT3) that regulate
the tumor microenvironment will provide important targets for cancer
immunotherapy in the future.

Michael Weller, Zurich, Switzerland
Glioblastoma has been recognized as a paradigmatic neoplasm for

the interaction of cancer cells with the host’s immune system for
decades. These tumors produce several cytokines not classically
associated with astrocytic cells, including interleukins as well as
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immunosuppressive, proinvasive, and angiogenic cytokines. This vast
repertoire of soluble mediators allows for complex autocrine and
paracrine interactions as well as a profound impact on the cells of the
glioblastoma microenvironment. In this regard, it is important to note
that, although glioblastomas do not possess a typical stroma like many
neoplasms outside the nervous system, glioblastomas are still heavily
infiltrated by non-neoplastic cells, including macrophages and micro-
glial cells, reactive astrocytes, and immune cells from the periphery.
The most important cytokines as of today appear to be (i) transforming

growth factor-β which is at once strongly immunosuppressive,
promigratory and proinvasive, and (ii) vascular endothelial growth
factor which is considered the driving force of angiogenesis in these
tumors. Future studies will have to clarify for each of these soluble
factors the cellular source, the major cellular target, and the overall
contribution to tumor progression versus tumor defense mechanisms.
A deeper understanding of such interactions is required to fully exploit
the potential of cytokines and cytokine-targeted therapeutic
approaches to glioblastoma.

264 Neurosurg Rev (2011) 34:253–264
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